Background: The antiseptic property of root canal filling materials is very important for the removal of residual pathogens from root canals. The aim of the current study was to investigate the antimicrobial activity of mineral trioxide aggregate (MTA), calcium hydroxide (CH), Metapex, zinc oxide eugenol (ZOE), and CEM-cement. Materials and methods: Four standard bacterial strains including Staphylococcus aureus (ATCC 6538), Enterococcus faecalis (ATCC 29212), Pseudomonas aeruginosa (ATCC 27853), and Bacillus subtilis (ATCC 6633) and Candida albicans (ATCC 10231) were used. On five plates containing Brain Heart Infusion (BHI) agar, five cavities were made. Then, the plates were cultured by 0.1 mL of bacterial suspension with a concentration of 0.5 McFarland. Afterwards, the cavities were filled with the tested materials and were incubated at 37°C for 24, 48, and 72 hrs. Diameters of microbial inhibition zones were then measured. Results: The highest mean diameter of growth inhibition zones was observed around ZOE and then CH and CEM-cement. According to the Kruskal-Wallis test, there was a significant difference among the tested groups (P<0.041). Conclusion: Considering antimicrobial activity, CH was an acceptable alternative to ZOE.
Introduction
Pulp therapy in children is widely used to prevent deciduous teeth loss. Loss of deciduous teeth due to dental caries can lead to problems such as loss of arch length and inadequate space for permanent teeth. 1 The main goal of pulp therapy is to remove microorganisms from root canals and prevent their subsequent infections. 2 The complex morphology of root canals in deciduous teeth makes mechanical cleansing and rinsing difficult. 3 The most common materials for filling root canals of deciduous teeth include: 1) Zinc oxide eugenol (ZOE) 2) Iodoform-based pastes 3) Calcium hydroxide (CH) 3 ZOE, as the most commonly used material recommended for the treatment of deciduous teeth, was recommended by the American Academy of Pediatric Dentistry (AAPD) until 2008. 4 To improve its characteristics and success rate, it has been combined with various materials such as formocresol and cresol. These compounds increase its success rate, but they do not make it more resorbable than ZOE alone. 5, 6 Pabla et al 7 evaluated the antimicrobial activity of ZOE and Iodoform, KRI, and Maisto pastes on the necrotic deciduous teeth and concluded that the Vitapex paste had the highest antimicrobial activity. In a clinical study, the mixture of zinc oxide, calcium hydroxide, and 10% sodium fluoride solution was used. It was detected that the rate of resorption of root canals obturated by this mixture was pretty similar to the rate of physiologic root resorption in deciduous teeth. 8 Pitts et al 9 examined the resorption nature of calcium hydroxide and found that the highest rate of resorption of apical plug of this material occurred during the first month.
In a study conducted by Gupta et al 10 forty-two necrotic deciduous teeth were selected. The success rate of ZOE was 85.71% and that of Metapex was 90.48%. In a study by Subramaniam et al 11 entitled "Endoflas, Zinc Oxide Eugenol and Metapex as root canal filling materials in primary molars-a comparative clinical study", forty-five primary molars were selected for pulpectomy. Finally, there were no significant differences between the three groups.
In order to increase the chance of success in root canal treatments, materials with high antimicrobial properties are used to fill root canals. 3 Consequently, the aim of this in vitro study was to evaluate the antimicrobial activity of mineral trioxide aggregate (MTA) and CEM-cement, and calcium hydroxide (CH) and metapex, zinc oxide eugenol (ZOE) in deciduous teeth.
Materials And Methods
In this study, the following strains were prepared as lyophilized vials from Iranian Research Organization for Science and Technology: Enterococcus faecalis (ATCC 29212), Staphylococcus aureus (ATCC 6538), Bacillus subtilis (ATCC 6633), Pseudomomas aeruginosa (ATCC 27853), and Candida albicans (ATCC 10231). These strains were made in the United States (American Type Culture Collection-ATCC).
To activate bacterial strains, the vials were poured into Trypticase Soy Broth (TSB, Merck, Germany) and were incubated for 48 hrs at 37°C. Then, to provide a colony of bacteria, they were cultured for 48 hrs on a solid medium of Brain Heart Infusion Agar-BHIA (Merck-Germany).
By using these colonies and with the help of physiologic serum, a suspension with a concentration of approximately 0.5 McFarland (1/5) was prepared. To provide a bacteria-containing agar medium, the BHIA medium was heated to 45-50°C and then was poured into sterile disposable plates with a diameter of 10 cm, so the thickness of agar reached 4 mm. After the mixture was cooled, in each container using a sterile punch, five cavities with identical intervals and a diameter of four millimeters were formed. Then, the 0.5 McFarland suspension was used to culture plates with a spread plate method. Into each cavity of a plate, the following materials were respectively put:
Pro Root MTA (Dentsply,Tulsa Dental,USA), Calcium Hydroxide (Kemdent-England), Zinc Oxide Eugenol (Kemdent-England), Metapex (Tejarat pars-Corea), and CEM-Cement (Tejarat pars-Iran).
ZOE, MTA, CH, and CEM-cement pastes were prepared based on their manufacturers' instructions, and the Metapex syringe was also available. The plates were incubated at 37°C in the incubator. After 24, 48, and 72 hrs, a millimeter ruler with a precision of 0.5 millimeters which was independent of each observer in two locations perpendicular to each sample was used to measure the diameter of growth inhibition zones for each material in millimeters.
The results of each sample were entered into the statistical software of SPSS version 19 and analyzed by Kruskal-Wallis and Friedman tests. Level of significance was predetermined 0.05 as the basis for statistical judgments.
Results
The antibacterial activity of the tested materials on 5 types of bacteria at different times (the diameter of the growth inhibition zone was in millimeters). The highest mean diameter of growth inhibition zones was observed around ZOE and then CH and CEM-cement. According to the Kruskal-Wallis test, there was a significant difference among the tested groups (P<0.041). All the root canal filling materials induced the formation of growth inhibition zones, except for MTA and Metapex.
The results of the Kruskal-Wallis test showed that on the antimicrobial activity for 24 hrs of the five types of pastes against: -P. aeruginosa, the CH was 20 mm and that of ZOE was 27 mm, and the significant level was 0.039 and Chisquare was 10.102.
-E. faecalis bacterium, the CH was 14 mm and that of ZOE was 19 mm, and the significant level was calculated to be 0.018 and Chi-square was calculated to be 11.859.
-S. aureus bacterium, the ZOE was 35 mm, and the significant level was calculated to be 0.008 and Chi-square was calculated to be 13.796.
-B. subtilis bacterium, the CH was 17 mm and that of ZOE and CEM-cement were 25 and 14 mm respectively, and the significant level was calculated to be 0.027 and Chi-square was calculated to be 10.922.
-C. albicans bacterium, the CH was 20 mm and that of ZOE and CEM-cement were 47 and 15 mm respectively, and the significant level was calculated to be 0.041 and Chi-square was calculated to be 90.941.
The results of Friedman test on comparing the antimicrobial activity of the CEM-cement paste at different times, regardless of the type of bacterium, showed that the mean antimicrobial activity in 24, 48, 72 h were 1.93, 1.93, and 1.86 respectively, and the significance level was calculated to be 0.156 and Chi-square was calculated to be 3.714 (Figures 1 to 3 and Table 1 ).
Discussion
The key objective of pulp therapy is to remove microorganisms from root canals and prevent their subsequent infections; cleansing and shaping the canals and filling them completely result in the fulfillment of this goal. 2 When the pulp is irreversibly affected or necrosed, a root canal treatment is carried out. However, the complex morphology of root canal in deciduous teeth makes mechanical cleansing and rinsing difficult. Consequently, to DovePress increase the odds of success in root canal treatments, materials with high antimicrobial properties should be applied in filling root canals. 3 In this in vitro study the antimicrobial activity of root canal filling pastes including MTA, ZOE, CEM-cement, Metapex, and Calcium-Hydroxide were evaluated in deciduous teeth. After analyzing the data, the results showed that the most antimicrobial activity was related to ZOE and after that, calcium hydroxide and CEM-cement had higher antimicrobial activity. The statistical difference between these materials was significant (P <0.039). Metapex and MTA pastes did not show any antimicrobial activity at any time. The most resistant bacterium among these five microorganisms was E faecalis.
The results of Asgary et al's 12 study were in line with those of the present one and they concluded that among calcium hydroxide, MTA, and Portland-cement, the highest antimicrobial activity after 24, 48, and 72 hrs was observed in calcium hydroxide. Like our study, the most antimicrobial activity in all groups was found against Enterococcus faecalis. In a study by Lilian et al 13 , it was concluded that calcium hydroxide had antimicrobial activity against S. aureus, E. faecalis, P. aeruginosa, B. subtilis, and C. albicans and the rate of this activity was more than that of MTA. Vitapex had no antimicrobial activity. Estrela et al 14 determined that calcium hydroxide had higher antimicrobial activity than MTA, Portland, Sealapex, and Dycal against S. aureus, E. faecalis, B. subtilis, and S. aureus.
In a study carried out by Tchaou et al 15 , like the present study, ZOE had a greater antibacterial effectiveness than calcium hydroxide and Vitapex. The bacterial, were collected from necrotic teeth of patients. For data analysis, non-parametric Friedman and Tukeys HSD tests were used.
Prathima et al 16 showed in a study that ZOE had good zone of inhibition but when combined with Formocresol the zones of inhibition was increased indicating good antibacterial properties.
Holan and Fuks 17 showed that the clinical efficacy of root filling with iodoform-containing paste (KRI) was superior to ZOE. ZOE irritated the periapical tissues around the root of teeth and underwent resorption later than the root tissue.
Mortazavi et al 18 in their study concluded that the success rates of Vitapex and ZOE were 100% and 78.5%, respectively. Fisher's exact test was used to evaluate the data. Due to the more convenient application of Vitapex and its absorption in tissues around the root, this material can be a good alternative to ZOE, especially when there is a doubt on the patient's return for follow-up.
In a study by Khoramian et al 19 , they discovered that Diapaste, a calcium hydroxide root canal filling paste, had more antibacterial activity against E. faecalis than ZOE and Sealapex, a calcium hydroxide sealer. This study was performed in a laboratory and Kruskal-Wallis and Mann-Whitney tests were used to measure the antimicrobial properties of the materials only in the 48 hr interval. According to the results of this study, calcium hydroxidebased root canal filling materials demonstrated their antimicrobial property by releasing the hydroxyl ion. Both Diapaste and Sealapex cement are calcium hydroxidebased sealers. In a systematic review by Barja-Fidalgo 20 they concluded there seems to be no convincing evidence to support the superiority of any material over ZOE, and both ZOE and iodoform paste with calcium hydroxide appear to be suitable as root canal fillings for deciduous teeth. In the study by Queiroz et al 21 , the antimicrobial activity of ZOE was approved to be greater than that of Sealapex, a type of calcium hydroxide-based material.
Unlike our research, in a study carried out by Fabiane et al 22 , it was concluded that MTA had high levels of antimicrobial activity at different times, and no antibacterial activity was observed for ZOE and two calcium hydroxide-based products including Caien and L&C direct exposure test was used. Ramar et al 23 in a study depicted that Endofloss compared with Metapex and ZOE was a better material in the treatment of deciduous teeth. This study was conducted clinically. In the study by Subramaniam et al 11 , the highest clinical success rates were seen in Metapex (100%). All three materials were in a statistically significant level and the study was carried out clinically.
Nadkarni et al 24 in their study concluded that the use of calcium hydroxide in the treatment of deciduous teeth was more successful than the use of ZOE and calcium hydroxide could be used as an alternative to ZOE. The study examined clinical and radiographic success rates. In a clinical study conducted by Barcelis et al 25 , it was concluded that the use of Vitapex and Sealapex in the treatment of deciduous teeth had a similar success rate. In the study by Asgari et al 26 , the antibacterial activity of calcium hydroxide and CEM-cement was similar and more than that of MTA.
Based on the results of this study, the following conclusions were obtained:
• The antibacterial effectiveness of ZOE was greater than that of other materials. • The antibacterial strength of CEM-cement was higher than that of MTA. • Metapex and MTA showed no antibacterial activity at any time interval. • The most resistant bacterium among these five microorganisms was E. faecalis. • As an alternative to ZOE, calcium hydroxide and then CEM-cement substitute can be considered.
However, more research is needed to compare the results of this study with those of previous studies and ponder more upon their contradictions.
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